The occurrence of these phenomena was detected also in embryos although with smaller amplitude.
MATERIAL AND METHODS
The plants utilized belong to the live collection maintained in the Centro Experimental de Campinas of the Instituto Agronomico.
The endosperms were fixed in Carnoy ( 1 absolute alcohol: 1 glacial acetic acid) and the smears were made by the acetic orcein method (MEDINA 1964) .
The embryos were pre-treated with paradichlorobenzene, oxyquinoleine or colchicine, according to methods described elsewhere (MEDINA, CoNAGIN and LoNGO 1971) . The material was partially collected and observed between 1967 and 1971. In the different ploidy levels the frequencies lower than 5% were discarded. For comparison, new data were obtained from the diploid species C. dewevrei and C. canephora and tetraploid C. arabica.
Only the more interesting cases of individual endosperms or embryos are detailed and discussed in the text.
RESULTS

Endosperm observations.
The determinations of chromosome numbers in endosperms are summarized in Table 1 . Diploid C. canephora. In the 13 endosperms examined the expected triploid constitution was found, sometimes with small variations. In a total of 261 cells, 218 (83%) had _)n=33 and some cells presented 32 or 34 chromosomes. About 10.7% of the cells, distributed in 6 of the endosperms, showed hexaploid numbers ( 66 chromosomes). Others exhibited variations around this level of ploidy, from 64 to 68 chromosomes. C. dewevrei. Two series of observations (1968 and 1969) were made, in a total of 34 endosperms and 791 cells. Cells with 33 chromosomes were the majority (84.9% ), with some variation from 30 to 35. Two endosperms showed cells with 66 or near 66 chromosomes, and in one of them a cell with 102 chromosomes was observed. In one endosperm, the original constitution of the endosperm had probably been 44, with some cells having 41 to 46 chromosomes. C. arabica (2n=44) . In this species, 82 out of 86 cells, belonging to 15 endosperms, showed 66 chromosomes. Variations around this ploidy level were found in a few endosperms.
Tetraploid C. canephora and tetraploid C. eugenioides (2n = 44 ). Cells were found in six or seven levels of ploidy, with very wide variations around each level ( Fig. lA-C) . So, the chromosomes sets in C. canephora are grou- ped around the levels 3x, 4x, 5x, 6x, 7x and 11x. With exception of the last, all these levels were found in tetraploid C. eugenioides, but with more limited variations as compared to C. canephora.
In this case, a relatively high concentration around the chromosome numbers to 53 to 55 was noticed with another concentration around 64 to 70, besides others at 83 to 93 and 119 to 138 chromosomes. C. arabic a bullata ( 2n =50 and 2n = 66). The endosperms showed cells with chromosome numbers more frequently around 66 to 72, in bullata 2n=50, and around 82 to 88 in bullata 2n=66 ( Fig. 1D-G) .
Embryo observations.
The determinations of chromosome numbers in embryos are summarized in Table 2 . Only in some cases observations were made on the embryo and endosperm in one and the same seed.
In diploid C. dewevrei, 95.4% of the 50 embryos had 2n=22 chromosomes ( Fig. 2-B ). Variations between cells of the same embryo were observed, but in small proportions of cells and of individuals.
The 19 embryos belonging to diploid C. canephora displayed 2n = 22 chromosomes ( Fig. 2-A) , with no variation (at least 10 cells analysed in each case).
In tetraploid C. cane phora embryos a total of 180 cells was examined. The individual observations show two main groupings, one at the triploid level, where the higher percentages (about 27% and 22%) correspond to 32 and 33 chromosomes respectively and other, at the tetraploid level, with an incidence of 10% of cells with 44 chromosomes. There were also variations between cells of the same embryo (Table 3 ). In the endosperms numbered as 1, 5, 7 and 14, 4, 9 and 16, 25 , and 21 the initial chromosome numbers were most likely 32, 33, 44 and 45 respectively.
In tetraploid C. eugenioides 42,4% of the 103 cells analysed in embryos were diploid with 22 chromosomes. About 29% of the cells had 44 chromosomes and 18.5% showed 45 chromosomes ( Fig. 2-C) , with some variations in the same embryo.
In the hybrid C. arabica x C. dewevrei, about 14,7% of the cells had 34 or 35 chromosomes, 36,6% were tetraploid (2n = 44) and 17,4% had 45 chromosomes ( Fig. 2D-F) . Variations in the same embryo were also detected.
The few embryos observed in C. arabica bullata (2n =50) showed numbers around the tetraploid level, from 41 to 48 chromosomes. The occurrence of polysomaty is widespread in most plant tissues, including the endosperm. A revision of the literature was made by D' AMATO (1952a AMATO ( , 1952b who called attention to the typically chimerical nature of the plant body, with diploid and eupolyploid cells. Also aneuploid cells may be normally intermingled with euploid cells in different tissues especially in vegetatively propagated plants, as pointt:"d out by SHARMA and SHARMA (1959) .
Eupolyploid levels above the originHl level of ploidy are, according to several authors, associated with cellular nnd histological differentiation. The presence of polyploid cells can indicate the need for an increase in DNA content for facing intense synthetic activtties going on in the tissue (BEERMANN 1954 ) . In the case of Coffea endosperm such an activity could be related to the embryo development, as pointed out by MEDINA (1965) .
The variations observed in the endosperms of the different forms and species of Coffea here analysed are apparently of two types: euploid and aneuploid cells.
Cells with euploid chromosome numbers, multiple of the inicial ploidy level, could arise by simultaneous endoreduplication in all chromosomes, producing hexaploid, octoploid, dodecaploid, etc nuclei. In this way, it would be possible to explain the origin of the cells with 66 and 132 chromosomes, from a cell with 33 chromosomes and the origin of cells containing 88 and 172 chromosomes from an initial cell with 44 chromosomes. This is in agreement with the results already reported by MEDINA (1964 MEDINA ( , 1965 .
Cells with aneuploid chromosome numbers could be explained mainly by: a) endoreduplication of only some of the chromosomes; b) irregular anaphasic separations with loss of chromosomes; c) unequal anaphasic separations.
Abnormalities like nuclear fusions, tripolar spindles, amitosis, chromosome breaks observed in the endosperm of several plants (TANDON and KAPOOR 1962, 1963; KAPOOR and TANDON 1963 a, 1963 b, 1964 b; ABRA-HAM, NINAN and GOPINATH 1965), produce either polyploid or aneuploid nuclei. However these abnormalities were not apparent in the coffee endosperm here studied. Since partial endoreduplication has not been detected and laggards have not been observed in anaphases, the aneuploid cells in the present material would be better attributed to unequal anaphasic distributions of the chromosomes. Asynchronisms in the splitting of some centromeres would lead to a variable number of chromosomes through nondisjunction of chromatids, which would be carried to the same pole, thus producing hypo and hyper aneuploid cells. This process was found by SADASIVAIAH and LESINS (1974) in roots of hexaploids, octoploids and interspecific hybrids of Medicago. The phenomenon of endoreduplication and that of non-disjunction could occur independently and / or concomitantly. This would explain all the chromosome sets found. So, a cell with 3 3 chromosomes could give rise to others with 32, 34 or 35 as a result of unequal anaphases; from those, cells with 64, 68 and 70 respectively would be produced by endoreduplication. In another way, cells with 64, 68 or 70 could arise from unequal distribution of the chromosome sets with 66; these, in their turn, having been formed from an initial nucleus with 33 and so on.
Neither all endosperms showed cells with variable number of chromosomes nor were the variations of the same degree in all of them. The numerical variations found in the natural tetraploid C. arabica and in the diploid species C. canephora and C. dewevrei are of a very small degree. In C. dewevrei, for example, all the variation shown in table 1 was seen in only 13 of the 34 endosperms and the cells with 41 and 43 to 46 chromosomes belonged to the same endosperm. Taking this into account, it can be said that these species are relatively little variable in the chromosome number of their endosperms.
Numerical variations could be detected in much higher degree in the artificial tetraploids of C. canephora and of C. eugenioides and in the coffee « 387 », considered to be an interspecific tetraploid hybrid between C. arabica and C. dewevrei. There were also numerous aneuploid cells in the polyploid plants of C. arabica (bullata 50 and bullata 66). These findings suggest that aneuploidy results probably from a genetic unbalance. MENZEL and BROWN (1952) , for example, ascribed the mosaicism of leaves and petals in Gossypium hybrids to the polyploidy level, number of species involved in the cross and anphidiploid condition of one or both hybrid parents. The increase in chromosome number and the genomic complexity can cause great disorders in the physiological process which controls mitosis. Mitotic irregularities are correlated to the bad development of endosperm in many plants. In some abnormal coconut varieties (ABRAHAM et al. 1965) an increase in abnormalities follows the ripening of the endosperm, while in the normal varieties the ripe endosperm is chromosomically more stable. In Vicia faba L. (KAPOOR and TANDON 1964a) , Zephyranthes and Nothoscordum (TANDON and KAPOOR 1962, 1963) , an intensification of the abnormalities was observed in degenerating endosperms. In Lilium (BROCK 1954) the abnormalities were higher in the interspecific hybrid, with a consequent collapse of the endosperm and death of the embryo, although this was normal.
A correlation of the type described above may exist in the material here studied, since the quantity of underdeveloped and of malformed endosperms is higher in the interspecific hybrids, artificial tetraploids and poly-plaids of C. arabica than in the diploid species and in the natural tetraploid C. arabica.
In a total of 28 endosperms of C. dewevrei the corresponding embryos were examined. It was seen that 27 of these endosperms were initially triploid (33 chromosomes) to which diploid embryos (22 chromosomes) were associated. In only one case, the endosperm should have started from a 44-chromosome nucleus in spite of its embryo having 2n = 22 (Table 1) .
A possible explanation would be that the embryo resulted from fusion of two gametes with n = 11 and the endosperm originated from the fusion of a secondary nucleus with 33 and a sperm nucleus with n = 11 chromosomes. The secondary nucleus with 33 chromosomes could have originated by fusion of three haploid cells of the embryosac or by a duplication of one of two polar nuclei. Another explanation would be that of a double abnormal embryosac with two set of cells, which occur in Coffea, that would produce an embryo with 22 and an endosperm with 44 by different associations of cells.
In tetraploid C. canephora, 11 of the 25 embryos presented in Table 3 had their endosperms analysed (Table 4) . Seven (no. 7, 13, 14, 15, 18, 19 e 20) showed an exact correspondence between the probable initial chromosome number and the most common chromosome number observed in the endosperm.
Considering the highly irregular meiosis of this tetraploid with the occurrence, besides the bivalents, of monovalents and secondary associations (unpublished data) some of the variations found can be attributed to different constitutions of the gametes involved. Other variations, however, may be due to different reasons, as discussed above. Beside this, the embryos no. 2 and 8 showed chromosome complements of 32 and 33, which also occurred in their respective endosperms. This could be explained by non-fusion of polar nuclei and fertilization of one of them by a haploid male gamete ( 11 chromosomes).
In C. arabic a x C. dewevrei ( « 3 8 7 »), the chromosome numbers of 73 embryos (Table 2) can be grouped around two levels, 33 and 44. The variations from one embryo to another, certainly depended on the pollen that effected fertilization, with 11 or 22 chromosomes, and on the constitution of the egg cell, this one being altered by a previous irregular meiosis. Besides that, variation among cells of the same embryo has been met with. Studying the microsporogenesis of this plant, MENDES ( 1949) found that 80% of the nuclei had 20-24 chromosomes and 36% 22 chromosomes; in the progeny of the cross of this plant with a tetraploid one (with normal gametes n = 22), plants with somatic chromosome numbers from 37 to 50 could be found, the greatest frequency being of those with 42 to 46 chromosomes, predominating the 2n = 44 chromosomes. MENDES ( 1949) also concluded that from the macrosporogenesis fertile egg cells with n = 20 to 24 chromosomes would result. The endosperm constitutions now found could have originated from egg cells with 20 to 36 chromosomes fertilized by sperm nuclei with n = 11 (endosperm with 33 chromosomes) or n = 22 (endosperm with 44 chromosomes). Considering only the embryos at the tetraploid level, it can be seen that there is a high concentration on 2n = 44, in agreement with the data of MENDES (1949) , except that the range established by this author for the egg cells was 20 to 24. The differences may be explained by the different stages of development examined. Our data are from embryos just begining their development, whereas those of MENDES were from seedlings, when competitions in several stages of development had already happened.
The endosperm of C. arabic a bullata ( 2n = 50 and 2n = 66) could arise from fertilization of diploid or triploid female gametes by diploid sperm nuclei. In case of bullata 2n = 66, the most common chromosome number in meiotic ana phases was 3 3, with variation from 26 up to 41. Concerning the embryo there is a less pronounced variation. As pointed out by KAPOOR (1966) , the endosperm is subjected to a considerable cytogenetic variability and exibits much greater cytological variation than the embryo.
